We describe a 5 year old boy with a de novo t(l0;13) translocation and optic nerve coloboma-renal disease (ONCR). On the basis ofGTG banding analysis ofprometaphase chromosomes, the patient's karyo- Ophthalmological examination showed bilateral large optic discs with temporal colobomas and an anomalous vascular pattern.
Optic nerve coloboma-renal disease (ONCR, MIM No 120330) is a newly established syndrome. 1-3 It is characterised by autosomal dominant inheritance of a "morning glory" optic disc anomaly, resulting in loss of visual acuity and defective visual fields. A substantial number of affected patients have also had associated chronic renal failure, chronic glomerulonephritis, or renal hypoplasia.
Paired box (PAX) genes are members of the superfamily of developmental control genes that encode transcription factors containing a paired DNA binding domain.4 There are nine human PAX genes, and mutations in two of them (PAX3 and PAX6) are known to cause developmental defects (Waardenburg syndrome types I and III and aniridia).5 6 Since the murine Pax2 gene is expressed in the developing kidney, optic cup, otic vesicle, and other parts of the central nervous system,7 Sanyanusin et ar8 evaluated PAX2 in two unrelated families with ONCR, and discovered mutations which resulted in a change of the PAX2 reading frame with a subsequent truncated PAX2 protein. Ophthalmological examination showed bilateral large optic discs with temporal colobomas and an anomalous vascular pattern.
Urine analysis showed moderate proteinuria (1.0 g/day), but urinary sediments were unremarkable. The urinary levels of N-acetyl glucosaminidase (10.6 IU/1) and a-2-microglobulin (239 ng/ml) were raised. Blood chemistry showed mild renal dysfunction with blood urea-N of 38.5 mg/dl, creatinine of 1.3 mg/dl, and creatinine clearance of 56.5 ml/min. Serum levels of total protein, complement, and immunoglobulins were normal. There was no serological evidence of streptococcal infection. Ultrasonography showed normal sized kidneys (left: 6.5 x 3.0 cm, right: 6.0 x 2.0 cm), and voiding cystourethrography showed no A * 9 B 13 der (13) der (10) anatomical abnormalities or vesicoureteral reflux. To evaluate the cause of proteinuria, percutaneous kidney biopsy was performed. Microscopic examination of the biopsy disclosed striking atrophy of the proximal and distal renal tubules and interstitial fibrosis but with little inflammatory cell infiltration of the interstitium ( fig 1A) . Three of eight glomeruli examined showed focal segmental sclerosis with mild mesangeal proliferation (fig 1 B) 10 and to both the der(10) and der(l3) chromosomes ( fig 3A) . This indicated that the inserted segment of the YAC 29C-D5 spanned the patient's 1 Oq translocation breakpoint. To sublocalise the 1 Oq breakpoint, we hybridised the patient's chromosomes with the cDNA clones of the PAX2 gene. The whole cDNA clone, pPAX2N1, hybridised to the normal chromosome 10 and to both the der(10) and der(13) chromosomes, while the more 3' cDNA clone, phuPAX2, hybridised to the Localisation of a 10q breakpoint within the PAX2 gene normal chromosome 10 and to the der (13) chromosome. These results suggest that the translocation breakpoint is located somewhere in the middle of the PAX2 gene. DAPI staining showed that the PAX2 probes hybridised to band 10q24.3 of the normal chromosome 10 ( fig 3B) . Therefore, the karyotype can be designated 46,XY, t(l 0; 13) (q24. in the threshold or dosage sensitivity of different tissues, which might be influenced by purely stochastic factors as well as genetic background. Alternatively, the overlapping PAX8 expression in the fetal kidney could partially compensate for deficiencies of PAX2 expression during nephrogenesis. ' As shown in two other cases reported by Weaver et aP and the case reported here, the renal histopathology of ONCR consists of interstitial fibrosis and tubular atrophy but with no evident infiltration of inflammatory cells at the early stage of chronic renal failure, and diffuse interstitial fibrosis and glomerulosclerosis with mesangeal proliferation and electron dense deposits at the later stage.3 It has been widely accepted that vesicoureteral reflux and asymptomatic urinary infection cause chronic renal failure with a similar histology to that seen in ONCR.'7 In our patient, however, this mechanism seems unlikely, because there was no vesicoureteral reflux or inflammatory cell infiltration in the interstitium. Little is known about the targets of the PAX2 protein or its downstream genes. The knowledge of how PAX2 mutations can affect the downstream genes and result in end stage renal disease is necessary for developing therapeutic interventions, which could slow progression of renal failure in ONCR.
There has been controversy about the localisation of the PAX2 gene: FISH studies have assigned it to 10q25,'" and somatic cell hybrid mapping to 10q22.1-q24.3.10 We showed that the PAX2 gene lies within the 10q24.3 band and is proximal to FRA1OB at 10q25.2. These results led us to conclude that the PAX2 gene is at the junction of bands 1Oq24.3 and 1Oq25. 1, which is in agreement with the report of the First International Workshop on Human Chromosome 10 Mapping. '9 
